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                   Over the past 30 years, compelling data have emerged suggesting 
that nonsteroidal anti-inflammatory drugs (NSAIDs), particularly 
aspirin, can suppress carcinogenesis in the large bowel. For exam-
ple, in numerous epidemiological studies, the use of aspirin or 
other NSAIDs has been associated with a reduced risk of colorectal 
cancer ( 1 ), and pooled results from two clinical trials have shown a 
protective effect in the primary prevention of sporadic colorectal 
cancer ( 2 ). In trials conducted among patients with familial ade-
nomatous polyposis ( 3  –  7 ), treatment with other NSAIDS (sulindac 
or cyclooxygenase-2 inhibitors) caused existing adenomas to 
regress and suppressed the emergence of new lesions. 

 In case – control and cohort studies ( 2 , 8 , 9 ), aspirin use was asso-
ciated with a reduced risk of colorectal cancer, especially after 
10 years of use. Clinical trial data ( 2 ) also suggest that aspirin must 
be taken for many years before a protective effect on colorectal 
cancer emerges. The long duration of use required to prevent 
invasive cancer may refl ect the time required for cancer to develop 
from precursor lesions. 

 Colorectal adenomas — the precursors to most colorectal 
cancers — would be expected to refl ect the chemopreventive effects 

of aspirin sooner than invasive cancers because these lesions occur 
much earlier in the carcinogenic pathways. To date, results of four 
randomized clinical trials that formally assessed the effect of aspi-
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   Background   Multiple lines of evidence indicate that aspirin has an antineoplastic effect in the large bowel. Randomized 
clinical trials have been conducted to evaluate the effectiveness of aspirin for reducing the risk of colorec-
tal adenomas. A meta-analysis of these trials will provide more precise estimates of the aspirin effect, 
both overall and in subgroups.  

   Methods   We combined data from all randomized double-blind placebo-controlled trials that evaluated aspirin for 
the prevention of colorectal adenomas. We used random-effects meta-analysis to estimate risk ratios and 
95% confidence intervals (CIs) for the effect of aspirin on the occurrence of adenomas and of advanced 
lesions (ie, tubulovillous adenomas, villous adenomas, adenomas  ≥ 1 cm in diameter, adenomas with 
high-grade dysplasia, or invasive cancer). All statistical tests were two-sided.  

   Results   We identified four clinical trials with 2967 randomly assigned participants. Each trial evaluated aspirin for the 
secondary prevention of colorectal adenomas. Doses of aspirin tested ranged from 81 to 325 mg/d. The aver-
age age of participants at baseline was 58 years, and 60% were male. Median follow-up was 33 months. 
A total of 2698 participants underwent colonoscopic follow-up and were included in the analysis of adenoma 
occurrence and advanced-lesion occurrence after randomization. Among these participants, adenomas were 
found in 424 (37%) of the 1156 participants allocated to placebo and in 507 (33%) of the 1542 participants 
allocated to any dose of aspirin. Advanced lesions were found in 12% of participants in the placebo group 
and in 9% of participants allocated to any dose of aspirin. The pooled risk ratio of any adenoma for any dose 
of aspirin vs placebo was 0.83 (95% CI = 0.72 to 0.96). This corresponded to an absolute risk reduction of 
6.7% (95% CI = 3.2% to 10.2%). For any advanced lesion, the pooled risk ratio was 0.72 (95% CI = 0.57 to 
0.90). We found no statistically significant effect modification for any of the baseline factors studied.  

   Conclusion   Aspirin is effective for the prevention of colorectal adenomas in individuals with a history of these lesions.  
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rin on the risk of adenomas have been published ( 10  –  13 ). 
Participants with a history of colorectal adenomas or cancer were 
recruited in each of the trials and were followed up for subsequent 
new adenomas. Data from each of these trials suggest that aspirin 
reduces the risk of subsequent new adenomas, but, to our knowl-
edge, a quantitative summary of effi cacy has not been reported. In 
addition, it is not clear what the dose – response patterns are or if 
particular groups are resistant (or more sensitive) to the chemopre-
ventive effect of aspirin. 

 To better characterize the apparent chemopreventive effect of 
aspirin in the large bowel, we performed a meta-analysis of all 
available randomized clinical trials that investigated whether aspi-
rin reduces the risk of colorectal adenomas. 

  Methods 
  Trial Inclusion Criteria 

 We identified candidate studies by conducting computerized 
searches of the Medline and Web of Science databases using the 
terms “aspirin,” “acetylsalicylic acid,” “salicylates,” “adenoma,” 
and “randomized clinical trial.” We also consulted with colleagues 
to identify unpublished studies that may exist. We included all 
placebo-controlled randomized trials of aspirin (acetylsalicylic 
acid) in any dose as a chemopreventive agent for sporadic large-
bowel adenomas. To be included in this meta-analysis, a trial must 
have satisfied the following inclusion criteria: 1) the study was 
placebo controlled and double blinded; 2) individuals with familial 
adenomatous polyposis were excluded; 3) participants were 
treated for at least 1 year; 4) for each participant, colorectal polyp 
status at baseline was assessed with complete colonoscopy and no 
polyps were knowingly left in the bowel at that time; and 5) col-
orectal polyp occurrence after randomization was assessed by 
colonoscopic follow-up. In addition, each trial had to have 
obtained written informed consent from each participant and 
must have had appropriate institutional review board (IRB) 
approval.  

  Data Collection 

 Rather than combine published (or provided) summary statistics 
from each study, we obtained participant-level data from each 
identified trial, a preferred approach to meta-analysis ( 14 ). We 
sought the following data elements: randomized aspirin or placebo 
treatment group; age at study entry (in years at last birthday); sex; 
race; baseline body mass index (BMI); number of lifetime ade-
nomas before randomization; family history of colorectal cancer; 
baseline smoking status; duration of randomized treatment; pill-
taking compliance; occurrence and timing of death during the 
treatment period; occurrence and timing of myocardial infarctions, 
strokes, major bleeding, or new cancer diagnoses during the treat-
ment period; and timing and outcome of each colonoscopic fol-
low-up examination during the treatment period, including the 
type, size, and location of each adenoma found and whether high-
grade dysplasia was present. These data, if available, were sent in a 
de-identified data file to Dartmouth Medical School for analysis as 
a combined dataset. This study was determined to be exempt from 
IRB review by the Dartmouth College Human Subjects Review 
Committee.  

  Statistical Analysis 

 The primary endpoint was the occurrence of any colorectal adenoma 
after randomization. Secondary endpoints were the occurrence of 
advanced lesions, defined as tubulovillous adenomas (25% – 75% vil-
lous features), villous adenomas ( ≥ 75% villous features), large ade-
nomas ( ≥ 1 cm in diameter), adenomas with high-grade dysplasia, or 
invasive cancer, and the occurrence of adverse events. The statistical 
analysis of the combined datasets followed standard random-effects 
meta-analysis methods ( 15  –  17 ) in a two-stage approach. In the first 
stage, each clinical trial was analyzed separately to obtain trial-
specific estimates of the relative risk of adenoma and advanced 
lesions for the aspirin group vs the placebo group. The trial-specific 
risk ratios were then combined using standard methods for random-
effects meta-analysis ( 15 ). A similar method was used to combine 
trial-specific absolute risk reductions. All  P  values were derived from 
two-sided tests, and we considered a  P  value less than .05 to be sta-
tistically significant. Between-study heterogeneity was assessed using 
the  Q  statistic and the  I   2  statistic. An  I   2  value of greater than 50%, 
or a  P  value less than .05 for the  Q  statistic, was taken to indicate 
heterogeneity ( 18 , 19 ). Within each clinical trial, the analysis popula-
tion was defined as all randomly assigned participants who had 
undergone at least one follow-up colonoscopy. This approach rep-
resents a modified intention-to-treat analysis. 

 We used forest plots to summarize overall results for the effect 
of aspirin on the risks of any adenoma and any advanced lesion. 

  CONTEXT AND CAVEATS 

  Prior knowledge 

 Multiple lines of evidence including clinical trial data indicate that 
aspirin has an antineoplastic effect in the large bowel and reduces 
the risk of colorectal adenomas. However, a quantitative summary 
of efficacy is missing.  

  Study design 

 A meta-analysis of the association between aspirin use and the 
occurrence of adenomas and of advanced lesions using participant 
data from four randomized double-blind trials that evaluated 
higher-dose and/or lower-dose aspirin vs placebo for the second-
ary prevention of colorectal adenomas.  

  Contribution 

 Among 2698 participants who underwent colonoscopic follow-up 
after randomization, adenomas were found in 37% of those allo-
cated to placebo and in 33% of those allocated to any dose of 
aspirin (advanced lesions were found in 12% and 9%, 
respectively).  

  Implications 

 This meta-analysis of clinical trial data indicates that aspirin 
reduces the risk of recurrence of colorectal adenomas.  

  Limitations 

 Dose – response patterns were not interpretable because only two 
studies investigated lower-dose aspirin. An analysis of cardiovas-
cular and bleeding events was limited by the small numbers of 
events observed in any one trial. One trial was excluded from the 
analysis of adverse events. 

  From the Editors    
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Subgroup analyses were performed to evaluate the consistency of 
the aspirin treatment effect within specifi c subgroups of patients 
defi ned according to their baseline characteristics. These analyses 
were performed using the same methods as described above, but 
they focused on data for the subgroup of interest. Wald tests were 
used to assess the interaction between aspirin and subgroup. Six 
subgroup factors were defi ned in the analysis protocol: sex; age ( ≤ 54, 
55 – 63, or  ≥ 64 years, based on tertiles of the data); BMI [<25, 25 – 29.9, 
or  ≥ 30.0 kg/m 2 , based on cut points established by the National 
Heart, Lung and Blood Institute ( 20 )]; family history of colorectal 
cancer, defi ned as a fi rst-degree relative diagnosed with the disease 
(present or absent); number of lifetime adenomas (1 or  ≥ 2, to divide 
the sample into two groups of similar size); and the presence of 
advanced lesions at the examination that was required to determine 
study eligibility (present or absent). We also performed analyses 
that considered colonoscopic examinations that occurred within 
four follow-up intervals following randomization: 0 to <12, 12 to 
<24, 24 to <38, and  ≥ 38 months. These intervals were chosen to 
compare effects from year to year after randomization. However, 
because most of the clinical trials specifi ed a 3-year follow-up inter-
val, we set the fi nal cut point at 38 months rather than 36 months. 
This cut point ensured that follow-up examinations that occurred 
near the planned examination time fell within only one of the analy-
sis time intervals (ie, the interval from 24 to <38 months).   

  Results 
  Trials Identified 

 We identified four clinical trials that satisfied the inclusion criteria: 
the Aspirin/Folate Polyp Prevention Study (AFPPS) ( 10 ), the 
Colorectal Adenoma Prevention Study [Cancer and Leukemia 
Group B (CALGB) 9270] ( 11 ), the United Kingdom Colorectal 
Adenoma Prevention (ukCAP) Study ( 12 ), and the Association 
pour la Prevention par l ’ Aspirine du Cancer Colorectal (APACC) 
Study ( 13 ).  Table 1  summarizes the trial designs. Three of the four 
trials (AFPPS, ukCAP, and APACC) recruited participants with a 
recent history of sporadic colorectal adenoma and excluded indi-
viduals with a history of invasive large-bowel cancer, and one trial 
(CALGB 9270) specifically recruited patients who had been 

treated for colorectal cancer. Other eligibility criteria for the trials 
were similar — each trial excluded individuals with inflammatory 
bowel disease, those with a clinical need for aspirin treatment, and 
those who could not take aspirin.     

 All four studies used an adenoma endpoint. Two trials (AFPPS 
and APACC) compared lower-dose aspirin (defi ned as 81 or 
160 mg/d) and higher-dose aspirin (defi ned as 300 or 325 mg/d) 
with placebo. The remaining trials (CALGB 9270 and ukCAP) 
compared higher-dose aspirin with placebo. 

 Each of the trials had a defi ned endoscopy follow-up schedule. 
AFPPS and ukCAP intended to examine participants 3 years after 
the baseline examination, and APACC examined participants at 
1 and 4 years after the baseline examination. CALGB 9270 examined 
participants with early-stage disease at 4 years after the baseline 
examination and all other patients at 3 years after the baseline 
examination. This trial was stopped early because of the effi cacy of 
the intervention. AFPPS and APACC each had central pathology 
review of lesions removed from the large bowel during follow-up 
examinations. CALGB 9270 and ukCAP relied solely on local 
pathologists to determine lesion characteristics. 

 Follow-up for adverse events varied considerably across trials. 
AFPPS attempted to follow up all participants through the dates of 
the expected year 3 examinations, whereas in APACC and ukCAP, 
adverse event data were ascertained only for participants who were 
on treatment or who had study examinations. Adverse event data 
for CALGB 9270 were considered unreliable by the study investi-
gators because of inconsistencies in the computerized database, 
and thus the data regarding bleeding, cardiovascular events, and 
cancer diagnoses from this trial were not included in this analysis. 
We included only the deaths that occurred during the treatment 
period of all studies, including CALGB 9270, which was termi-
nated early due to effi cacy. 

 Primary analyses reports have been published for AFPPS ( 10 ), 
CALGB 9270 ( 11 ), and ukCAP ( 12 ). APACC has reported year 1 
results only ( 13 ).  

  Characteristics of the Study Participants 

  Table 2  describes the baseline characteristics of all 2967 randomly 
assigned participants by treatment group. Of these, 1289 participants 

 Table 1  .    Summary of trial designs *   

  Trial (reference)

No. of subjects 

randomly 

assigned

Calendar 

years of 

recruitment Study population

Recruitment 

site Treatment groups  

  AFPPS (10) 1121 1994 – 1998 Recent history of sporadic 
 colorectal adenomas

United States and 
 Canada

Placebo vs 81 mg/d 
 aspirin vs 325 mg/d 
 aspirin, with or 
 without folic acid 

 CALGB 9270 (11) 635 1993 – 2000 Previous colorectal cancer United States Placebo vs 325 mg/d 
 aspirin 

 ukCAP (12) 939 1997 – 2001 Recent history of sporadic 
 colorectal adenomas

United Kingdom 
 and Denmark

Placebo vs 300 mg/d 
 aspirin 

 APACC (13) 272 1996 – 2000 Recent history of sporadic 
 colorectal adenomas

France Placebo vs 160 mg/d 
 aspirin vs 300 mg/d 
 aspirin  

  *   AFPPS = Aspirin/Folate Polyp Prevention Study; CALGB = Cancer and Leukemia Group B; ukCAP = United Kingdom Colorectal Adenoma Prevention; APACC = 
Association pour la Prevention par l’Aspirine du Cancer Colorectal.   
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were allocated to placebo and 1678 to aspirin. A total of 450 partici-
pants were randomly assigned to lower-dose aspirin and 1228 to 
higher-dose aspirin. The mean age of all participants was approxi-
mately 58 years, and approximately 60% were male. Smoking status 
was not available from CALGB 9270, nor was information regarding 
family history of colorectal cancer. Data on race were not available 
from APACC. Consequently, data regarding some characteristics 
were missing for substantial proportions of the participants. Most 
participants (71%) were non-Hispanic white or had a BMI of 25 kg/m 2  
or higher. Most (54%) of the participants whose adenoma history 
was known had only one lifetime adenoma. Among those with infor-
mation available regarding family history of colorectal cancer, 31% 
had a first-degree relative who had been diagnosed with colorectal 
cancer. The high proportions of males, those with unknown number 
of lifetime adenomas, and those with a family history of colorectal 
cancer in the lower-dose aspirin group reflect the characteristics of 
participants in the two studies that offered two aspirin doses, not 
imbalances in randomization.     

 All of the trials required participants to avoid taking aspirin and 
NSAIDs during the treatment period of the trial. Therefore, very 

few participants were regular users of these drugs before random-
ization. Rates of regular use (defi ned as use at least 3 d/wk) before 
randomization did not exceed 5% in any of the studies, and treat-
ment groups were not statistically signifi cantly unbalanced in this 
regard.  

  Compliance and Follow-up 

 Compliance with the study treatments and procedures was gener-
ally good. Overall pill-taking compliance (expressed as the per-
centage of expected number of study pills taken) tended to be 
slightly higher in the any-dose aspirin group than in the placebo 
group ( Table 3 ). Among the four studies, mean pill-taking compli-
ance ranged from approximately 69% to approximately 92%. At 
least 81% of participants in each of the studies and at least 90% of 
the participants in three studies (AFPPS, ukCAP, and APACC) 
had at least one follow-up examination ( Supplementary Table 1 , 
available online). (The early termination of CALGB 9270 contrib-
uted to the lower percentage of participants with colonoscopic 
follow-up in that study.) In total, 2698 participants underwent 
colonoscopic follow-up. The remaining 269 participants were 

 Table 2  .    Baseline characteristics of participants in all trials  

  Characteristic Placebo

Aspirin in 

any dose

Aspirin, 81 

or 160 mg/d

Aspirin, 300 or 

325 mg/d  

  No. of participants 1289 1678 450 1228 
 Age, y     
     Mean (SD) 58.5 (9.9) 58.2 (9.7) 57.6 (9.8) 58.4 (9.6) 
      ≤ 54, No. (%) 459 (36) 602 (36) 169 (38) 433 (35) 
     55 – 63, No. (%) 380 (29) 546 (33) 153 (34) 393 (32) 
      ≥ 64, No. (%) 450 (35) 530 (32) 128 (28) 402 (33) 
 Sex, No. (%)     
     Male 755 (59) 1014 (60) 295 (66) 719 (59) 
     Female 534 (41) 664 (40) 155 (34) 509 (41) 
 Body mass index, kg/m 2     
     Mean (SD) 27.2 (4.5) 27.3 (4.6) 27.1 (4.3) 27.3 (4.7) 
     <25.0, No. (%) 366 (28) 461 (27) 143 (32) 318 (26) 
     25.0 – 29.9, No. (%) 451 (35) 647 (39) 215 (48) 432 (35) 
      ≥ 30, No. (%) 232 (18) 311 (19) 90 (20) 221 (18) 
     Unknown, No. (%) 240 (19) 259 (15) 2 (0) 257 (21) 
 Race or ethnic group, No. (%)     
     Non-Hispanic white 880 (68) 1228 (73) 329 (73) 899 (73) 
     Non-Hispanic black 55 (4) 59 (4) 22 (5) 37 (3) 
     Hispanic 43 (3) 43 (3) 16 (4) 27 (2) 
     Other 16 (1) 28 (2) 10 (2) 18 (1) 
     Unknown 295 (23) 320 (19) 73 (16) 247 (20) 
 Tobacco smoking status, No. (%)     
     Never smoked 328 (25) 492 (28) 200 (44) 292 (24) 
     Former smoker 306 (24) 476 (28) 179 (40) 297 (24) 
     Current smoker 173 (13) 209 (12) 69 (15) 140 (11) 
     Unknown 482 (37) 501 (30) 2 (0) 499 (41) 
 Family history of colorectal 
  cancer, No. (%)

    

     No known history 505 (39) 673 (40) 231 (51) 442 (36) 
     First-degree relative 205 (16) 342 (20) 131 (29) 211 (17) 
     Other relative 28 (2) 35 (2) 24 (5) 11 (1) 
     Unknown 551 (43) 628 (37) 64 (14) 564 (46) 
 No. of lifetime adenomas 
  at baseline, No. (%)

    

     1 525 (41) 729 (43) 214 (48) 515 (42) 
      ≥ 2 444 (34) 630 (38) 235 (52) 395 (32) 
     Unknown 320 (25) 319 (19) 1 (0) 318 (26)  
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either lost to follow-up or died and were excluded from the analy-
sis of adenoma and advanced-lesion occurrence. The median 
follow-up of all participants was approximately 33 months. 
APACC included a 4-year examination and thus had the longest 
median follow-up (47.2 months vs 32.2, 31.3, and 37.5 months for 
AFPPS, CALGB 9270, and ukCAP, respectively). Follow-up dura-
tion and rate of colonoscopic follow-up were well balanced across 
the treatment groups ( Supplementary Table 1 , available online).      

  Adenoma and Advanced-Lesion Occurrence 

 The analyses of adenoma occurrence and advanced-lesion occur-
rence after randomization were restricted to the 2698 participants 
for whom colonoscopic follow-up information was available. 
Overall, approximately 35% of participants with colonoscopic 
follow-up were diagnosed with one or more recurrent adenomas, 
and the proportions varied considerably across studies, ranging 
from approximately 22% to 52% of participants. The lowest pro-
portion was seen in CALGB 9270 (22%), which possibly reflects 
the fact that these participants did not have an entire colorectal 
mucosa left at risk after undergoing a colon or rectum resection for 
their cancer. 

  Figure 1  summarizes the random-effects meta-analysis compar-
ing aspirin in any dose to placebo. Among participants with 
colonoscopic follow-up, adenomas were found in 424 (37%) of the 
1156 participants allocated to placebo and in 507 (33%) of the 
1542 participants allocated to any dose of aspirin ( Figure 1 ). We 
observed a statistically signifi cant 17% relative reduction in the 
risk of any adenoma for aspirin in any dose vs placebo (pooled risk 
ratio [RR] = 0.83; 95% confi dence interval [CI] = 0.72 to 0.96). 
This corresponded to a statistically signifi cant 6.7% (95% CI = 
3.2% to 10.2%) absolute risk reduction. Among participants with 
colonoscopic follow-up, advanced lesions were found in 137 (12%) 
participants in the placebo group and in 134 (9%) participants 
allocated to any dose of aspirin ( Figure 1 ), which corresponded to 
a statistically signifi cant relative risk reduction of 28% for aspirin 
in any dose (RR = 0.72; 95% CI = 0.57 to 0.90).     

  Figures 2  and  3  summarize the pooled comparisons of higher-
dose aspirin vs placebo and lower-dose aspirin vs placebo, respec-
tively. Among the 1108 participants who were randomly assigned 
to higher-dose aspirin and who underwent colonoscopic fol-
low-up, adenomas were found in 335 (30%) and advanced lesions 
were found in 92 (8%). Among the 434 participants who were 
randomly assigned to lower-dose aspirin and who underwent 
colonoscopic follow-up, adenomas were found in 172 (40%) and 
advanced lesions were found in 42 (10%). For high-dose aspirin 
vs placebo, we observed a non – statistically signifi cant relative risk 
reduction of 15% for any adenoma (RR = 0.85; 95% CI = 0.70 to 
1.03); however, the absolute risk reduction of 5.7% was statisti-
cally signifi cant (95% CI = 1.5% to 9.9%). We observed a statisti-
cally signifi cant relative risk reduction of 29% for advanced 
lesions (RR = 0.71; 95% CI = 0.56 to 0.92) ( Figure 2 ). For low-
dose aspirin vs placebo, we observed a statistically signifi cant rela-
tive risk reduction of 17% for any adenoma (RR = 0.83; 95% CI = 
0.71 to 0.96), which corresponded to a statistically signifi cant 
absolute risk reduction of 8.4% (95% CI = 1.9% to 14.8%). We 
also observed a non – statistically signifi cant relative risk reduction 
of 17% for advanced lesions (RR = 0.83; 95% CI = 0.44 to 1.58) 
( Figure 3 ).         

 We compared higher-dose aspirin vs lower-dose aspirin using 
the two trials that provided relevant data (AFPPS and APACC). 
This analysis involved 849 participants (415 allocated to higher-
dose aspirin and 434 allocated to lower-dose aspirin). The pooled 
risk ratio comparing higher-dose aspirin vs lower-dose aspirin was 
1.18 (95% CI = 1.01 to 1.37), with an absolute risk reduction of 
7.0% (95% CI = 0.4% to 13.6%) in favor of lower-dose aspirin. 
For any advanced lesion, the pooled risk ratio was 0.89 
(95% CI = 0.32 to 2.47). 

 There was evidence of between-study heterogeneity for the fol-
lowing comparisons based on relative risk: higher-dose aspirin vs 
placebo for any adenoma ( Q  = 7.51,  P  = .057;  I  2  = 60.1%), lower-
dose aspirin vs placebo for advanced lesions ( Q  = 2.89,  P  = .089; 
 I  2  = 65.4%), and higher-dose aspirin vs lower-dose aspirin for 

 Table 3  .    Overall pill-taking compliance *   

  Study Placebo

Aspirin in 

any dose

Aspirin, 81 or 

160 mg/d

Aspirin, 300 or 

325 mg/d  

  AFPPS     
     Mean percentage of study pills taken (SD) 90.3 (20.5) 91.7 (18.8) 91.9 (18.8) 91.6 (18.7) 
     Missing/unknown, No. (%) 18 (5) 24 (3) 13 (3) 11 (3) 
 CALGB 9270     
     Mean percentage of study pills taken (SD) 74.9 (28.5) 79.4 (26.8) NA 79.4 (26.8) 
     Missing/unknown, No. (%) 22 (7) 21 (7) NA 21 (7) 
 ukCAP     
     Mean percentage of study pills taken (SD) 80.9 (31.6) 77.1 (35.2) NA 77.1 (35.2) 
     Missing/unknown, No. (%) 53 (11) 48 (10) NA 48 (10) 
 APACC     
     Mean percentage of study pills taken (SD) 68.5 (36.3) 75.7 (32.9) 76.8 (32.8) 74.6 (33.3) 
     Missing/unknown, No. (%) 0 (0) 0 (0) 0 (0) 0 (0) 
 All trials     
     Mean percentage of study pills taken (SD) 80.8 (29.4) 84.1 (27.8) 89.4 (22.4) 82.1 (29.3) 
     Missing/unknown, No. (%) 93 (7) 93 (6) 13 (3) 80 (7)  

  *   AFPPS = Aspirin/Folate Polyp Prevention Study; CALGB = Cancer and Leukemia Group B; NA = not applicable; ukCAP = United Kingdom Colorectal Adenoma 
Prevention; APACC = Association pour la Prevention par l’Aspirine du Cancer Colorectal.   
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   Figure 1  .     Random-effects risk ratio forest 
plot comparing any aspirin vs placebo. 
Trial-specifi c risk ratios are shown as 
 black squares , with the size of the square 
being inversely proportional to the trial-
specifi c risk ratio variance.  Horizontal 

lines  represent 95% confi dence intervals 
for the trial-specifi c risk ratios. Pooled risk 
ratios are shown as  diamonds . The mid-
dle of each diamond corresponds to the 
risk ratio, and the width of each diamond 
represents the 95% confi dence interval. 
The  vertical dashed lines  provide a visual 
comparison of the pooled risk ratio with 
the corresponding trial-specifi c risk ratios. 
Tests for heterogeneity are as follows. For 
any adenoma,  Q  = 5.13 ( P  = 0.16) and  I   2  = 
41.5. For advanced lesion,  Q  = 1.27 ( P  = 
.74) and  I   2  = 0.0. AFPPS = Aspirin/Folate 
Polyp Prevention Study; APACC = 
Association pour la Prevention par 
l’Aspirine du Cancer Colorectal; CALGB = 
Cancer and Leukemia Group B; CI = confi -
dence interval; ukCAP = United Kingdom 
Colorectal Adenoma Prevention.    

   Figure 2  .    Random-effects risk ratio forest 
plot comparing higher-dose aspirin (300 or 
325 mg/d) vs placebo. Trial-specifi c risk 
ratios are shown as  black squares , with 
the size of the square being inversely pro-
portional to the trial-specifi c risk ratio vari-
ance.  Horizontal lines  represent 95% 
confi dence intervals for the trial-specifi c 
risk ratios. Pooled risk ratios are shown as 
 diamonds . The middle of each diamond 
corresponds to the risk ratio, and the width 
of each diamond represents the 95% con-
fi dence interval. The  vertical dashed lines  
provide a visual comparison of the pooled 
risk ratio with the corresponding trial-
specifi c risk ratios. Tests for heterogeneity 
are as follows. For any adenoma,  Q  = 7.51 
( P  = .057) and  I   2  = 60.1. For advanced 
lesion,  Q  = 1.87 ( P  = .60) and  I   2 =0.0. AFPPS = 
Aspirin/Folate Polyp Prevention Study; 
APACC = Association pour la Prevention 
par l’Aspirine du Cancer Colorectal; CALGB = 
Cancer and Leukemia Group B; CI = confi -
dence interval; ukCAP = United Kingdom 
Colorectal Adenoma Prevention.    

advanced lesions ( Q  = 4.25,  P  = .04;  I  2  = 76.5). For the fi rst two of 
these three comparisons, heterogeneity was established solely 
based on an  I  2  statistic greater than 50%. No statistically signifi -
cant    heterogeneity was observed for comparisons based on abso-
lute risk reductions.  

  Subgroup Analyses 

 Results of the random-effects meta-analysis for all adenomas 
according to subgroups of participants revealed no statistically 
significant effect modification for any of the baseline factors stud-
ied ( Figure 4 ). However, the estimated effect of aspirin in any dose 
on advanced lesions was substantially greater among those with a 
family history of colorectal cancer (RR = 0.53; 95% CI = 0.33 to 
0.83) than among those without (RR = 0.92; 95% CI = 0.67 to 
1.28;  P  interaction  = .05).      

  Analyses by Time of Examination 

 Random-effects meta-analysis for any-dose aspirin vs placebo by 
time since randomization revealed that greatest reduction in risk 
for all adenomas occurred during the first year of follow-up 
(RR = 0.62; 95% CI = 0.48 to 0.81) and that aspirin had no effect on 
risk beyond 38 months (RR = 0.99; 95% CI = 0.78 to 1.26) ( Figure 5 ). 
Most of the follow-up examinations occurred 24 – 38 months after 
randomization; for this time period, the pooled risk ratio was 0.84 
(95% CI = 0.74 to 0.96). For advanced lesions, the most pronounced 
effects were also in the first year of follow-up, when the pooled risk 
ratio comparing aspirin in any dose vs placebo was 0.47 (95% CI = 
0.24 to 0.90); the corresponding pooled risk ratios for the subse-
quent time intervals were 0.91 (95% CI = 0.42 to 2.00) for 12 – 24 
months, 0.72 (95% CI = 0.52 to 1.00) for 23 – 38 months, and 0.71 
(95% CI = 0.37 to 1.35) for 38 months or longer.      
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  Colorectal Cancer Occurrence 

 The AFPPS, ukCAP, and APACC trials reported incident colorec-
tal cancer. CALGB 9270 was not included in this analysis because it 
studied a population with a history of colorectal cancer, whereas the 
remaining trials involved participants with no history of colorectal 
cancer. As would be expected in any population that was under 
endoscopic surveillance, the numbers of colorectal cancers observed 
were small. Across the combined AFPPS, ukCAP, and APACC 
study populations, the percentage of participants diagnosed with 
incident colorectal cancer was similar in the any-dose aspirin and 
placebo groups (0.54% vs 0.62%, respectively;  P  = .81).  

  Adverse Events 

 Serious adverse events after randomization were uncommon 
( Table 4 ). Rates of death (ie, the percentages of participants who 
died) were similar in the any-dose aspirin and placebo groups 
(0.95% vs 0.85%, respectively;  P  = .85), as were the rates of myo-
cardial infarction (0.48% vs 0.31%;  P  = .57). Of the 12 participants 
who had a stroke, all were randomly assigned to an aspirin group 
( P  = .002). Most of the stroke cases were apparently thrombotic 
events; only one — in a participant with a subarachnoid hemor-
rhage — was thought to be hemorrhagic. Rates of major bleeding 
were similar among participants allocated to any-dose aspirin 
and those allocated to placebo (2.50% and 2.79%, respectively; 
 P  = .64). Rates of new cancer diagnoses (ie, the percentages of 
participants who received a new diagnosis of any invasive cancer) 
were not statistically significantly different in the any-dose aspirin 
and placebo groups (2.62% vs 1.86%, respectively;  P  = .18), 
although the invasive cancer rate in the any-dose aspirin group was 
somewhat higher than that in the placebo group.       

  Discussion 
 We obtained data from all randomized trials that studied aspirin 
for the chemoprevention of colorectal adenomas and used 
patient-level data to conduct a meta-analysis. In aggregate, nearly 
3000 participants were included in four trials that were conducted 

in the late 1990s. Two trials studied 300 or 325 mg aspirin vs pla-
cebo; the other two trials included a lower dose of aspirin. Three 
trials recruited patients with recent adenomas, and one trial 
enrolled patients with colorectal cancer who had received curative 
treatment. Each of the trials had a 3- or 4-year intervention period. 
Compliance and follow-up in the trials were generally quite 
good. 

 Overall, we found a statistically signifi cant 17% decrease in the 
relative risk of adenoma for aspirin in any dose vs placebo, which 
corresponded to a 6.7% absolute risk reduction. We also observed a 
28% decrease in the relative risk of advanced lesions. All of the trials 
included in this meta-analysis involved a higher-dose aspirin arm 
( ≥ 300 mg/d). In comparisons of higher-dose aspirin vs placebo, there 
was a 15% non – statistically signifi cant decrease in the relative risk of 
any adenoma; however, the corresponding absolute risk reduction of 
5.7% was statistically signifi cant. We observed a statistically signifi -
cant 29% reduction in the relative risk of advanced lesions for 
higher-dose aspirin vs placebo. In the two trials that evaluated lower 
doses of aspirin (doses of  ≤ 160 mg/d) vs placebo, there was a statisti-
cally signifi cant 17% decrease in the relative risk of any adenoma 
(absolute risk reduction = 8.4%) and a non – statistically signifi cant 
17% reduction in the relative risk of advanced lesions. These com-
parisons of the two dose levels with placebo suggest that there is no 
difference between higher- and lower-dose aspirin in the effect on all 
adenomas and that higher-dose aspirin provides a greater risk reduc-
tion than lower-dose aspirin for advanced lesions. However, a direct 
comparison of higher-dose vs lower-dose aspirin showed statistically 
signifi cantly greater risk reduction for all adenomas with lower-dose 
aspirin. A similar comparison for advanced lesions yielded inconsis-
tent and highly variable results. The difference between these fi nd-
ings and the comparisons with placebo is likely due to the limited or 
lack of effi cacy of higher-dose aspirin in the two studies that also 
investigated the lower doses. 

 In general, the most reliable dose – response fi ndings are those 
derived from studies that investigate multiple doses in a single 
population. The surprising lack of effi cacy of the higher aspirin 
doses in the two multiple-dose trials, together with the unusual 

   Figure 3  .     Random-effects risk ratio forest 
plot comparing lower-dose aspirin (81 or 
160 mg/d) vs placebo. Trial-specifi c risk 
ratios are shown as  black squares , with 
the size of the square being inversely pro-
portional to the trial-specifi c risk ratio vari-
ance.  Horizontal lines  represent 95% 
confi dence intervals for the trial-specifi c 
risk ratios. Pooled risk ratios are shown as 
 diamonds . The middle of each diamond 
corresponds to the risk ratio, and the 
width of each diamond represents the 
95% confi dence interval. The  vertical 

dashed lines  provide a visual comparison 
of the pooled risk ratio with the corre-
sponding trial-specifi c risk ratios. Tests for 
heterogeneity are as follows. For any 
adenoma,  Q  = 0.21 ( P  = .65) and  I  2  = 0.0. 
For advanced lesion,  Q  = 2.89 ( P  = .089) 
and  I  2  = 65.4. AFPPS = Aspirin/Folate Polyp 
Prevention Study; APACC = Association 
pour la Prevention par l’Aspirine du Cancer 
Colorectal; CI = confi dence interval.    
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   Figure 4  .     Random-effects risk ratio forest plot com-
paring any aspirin vs placebo by subgroups.  A)  Any 
adenoma.  B)  Advanced lesion. Subgroup-specifi c risk 
ratios are shown as  black squares , with the size of the 
square being inversely proportional to the subgroup-
specifi c risk ratio variance.  Horizontal lines  represent 
95% confi dence intervals for the subgroup-specifi c 
risk ratios. Overall pooled risk ratios are shown as 
 diamonds . The middle of each diamond corresponds 
to the risk ratio, and the width of each diamond rep-
resents the 95% confi dence interval. The  vertical 

dashed line  provides a visual comparison of the 
pooled risk ratio with the subgroup-specifi c risk 
ratios.  P  values (two-sided) are based on Wald tests 
for interaction. Among those with follow-up data, 
body mass index was missing for 173 participants in 
the aspirin groups and 142 participants in the pla-
cebo group; family history of colorectal cancer was 
missing for 532 participants in the aspirin groups and 
451 participants in the placebo group, including all 
participants in Cancer and Leukemia Group B (CALGB 
9270); number of lifetime adenomas at baseline was 
missing for 261 participants in the aspirin groups and 
260 participants in the placebo group, including all 
participants in CALGB 9270; advanced-lesion status 
at baseline was missing for 96 participants in the 
aspirin groups and 71 participants in the placebo 
group, with participants in CALGB 9270 being 
excluded from this subgroup analysis. CI = confi -
dence interval.    
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   Figure 5  .        Random-effects risk ratio forest 
plot comparing any aspirin vs placebo in 
terms of adenoma risk by time interval 
after randomization. Trial-specifi c risk 
ratios are shown as  black squares , with 
the size of the square being inversely pro-
portional to the trial-specifi c risk ratio vari-
ance.  Horizontal lines  represent 95% 
confi dence intervals for the trial-specifi c 
risk ratios. Pooled risk ratios are shown as 
 diamonds . The middle of each diamond 
corresponds to the risk ratio, and the 
width of each diamond represents the 
95% confi dence interval. The  vertical 

dashed lines  provide a visual comparison 
of the pooled risk ratios with the corre-
sponding trial-specifi c risk ratios. *The 
AFPPS trial had no examinations during 
the 0- to 12-month interval.  † The APACC 
trial had only two examinations during the 
24- to 38-month interval. AFPPS = Aspirin/
Folate Polyp Prevention Study; CALGB = 
Cancer and Leukemia Group B; APACC = 
Association pour la Prevention par 
l’Aspirine du Cancer Colorectal; CI = confi -
dence interval; ukCAP = United Kingdom 
Colorectal Adenoma Prevention.    

dose – response patterns (ie, greater effi cacy with lower dose) that 
were observed in those trials, prevents secure conclusions regard-
ing the relative effi cacy of lower-dose vs higher-dose aspirin. 

 For any aspirin dose and for higher-dose aspirin, the effects 
observed were stronger for advanced lesions than for any adenomas. 
The same pattern has been observed in randomized trials of calcium 
supplementation ( 21 ) and difl uoromethylornithine plus sulindac 

for the chemoprevention of adenomas ( 22 ). It is advantageous that 
aspirin is effective for preventing advanced lesions because these 
lesions tend to progress more rapidly to invasive cancer. 

 As would be expected given the endoscopic surveillance of the 
study populations, there were only small numbers of colorectal 
cancers observed in the four adenoma trials. We observed no sta-
tistically signifi cant effect of aspirin on colorectal cancer occurrence. 

 Table 4  .    Adverse events in all trials combined  

  Adverse event

No. of participants (%)  

 P  *   Placebo (n = 1289)

Aspirin in any 

dose (n = 1678)

Aspirin, 81 or 160 

mg/d (n = 450)

Aspirin, 300 or 

325 mg/d (n = 1228)  

  Death 11 (0.85) 16 (0.95) 3 (0.67) 13 (1.06) .85 
 Myocardial infarction 4 (0.31) 8 (0.48) 2 (0.44) 6 (0.49) .57 
 Stroke 0 (0.00) 12 (0.66) 3 (0.67) 9 (0.65) .002 
 Major bleeding 36 (2.79) 42 (2.50) 11 (2.44) 31 (2.52) .64 
 Invasive cancer 24 (1.86) 44 (2.62) 18 (4.00) 26 (2.12) .18 
 Colorectal cancer 8 (0.62) 9 (0.54) 2 (0.44) 7 (0.57) .81 
 Any event above 71 (5.51) 104 (6.20) 29 (6.44) 75 (6.12) .48  

  *    P  values (two-sided) are from Fisher’s exact test comparing placebo vs aspirin in any dose.   
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However, this apparent lack of effect does not negate the chemo-
preventive potential of aspirin in the large bowel. The aggregate 
data were not powered to detect an effect on invasive colorectal 
cancer, and in any case, longer treatment and follow-up are known 
to be required for such an effect to emerge ( 2 , 8 ). 

 We evaluated whether baseline factors modifi ed the effect of 
aspirin in any dose. Our random-effects meta-analysis for all ade-
nomas detected no statistically signifi cant effect modifi cation for 
any of the baseline factors studied. For advanced lesions, the effect 
of aspirin was substantially greater among those with a family his-
tory of colorectal cancer, but this result did not achieve statistical 
signifi cance. None of the other baseline factors studied modifi ed 
the effect of aspirin on advanced lesions to a statistically signifi cant 
extent. 

 Overall, the largest benefi t of aspirin (in any dose) appeared 
during the fi rst year after randomization (RR = 0.62). However, 
only one study (APACC) scheduled a protocol examination at 
1 year; there were also substantial numbers of patients in CALGB 
9270 who had early examinations. Thus, many of the examinations 
that occurred within 1 year from randomization were not follow-up 
examinations prescribed by protocol. Beyond 38 months after 
randomization, aspirin and placebo had nearly equivalent effects 
on the risk for all adenomas (RR = 0.99). 

 In the three studies that recruited adenoma patients (AFPPS, 
ukCAP, and APACC), participants who had an examination earlier 
than called for by the study protocol were likely a select (and prob-
ably atypical) group of patients who might have had clinical indica-
tions for the examination, such as bleeding. This selection of 
participants for early examination, together with the smaller num-
bers of participants in some of the follow-up intervals, complicates 
interpretation of the interval-specifi c risk ratios. 

 We saw no differences in the rates of adverse events comparing 
aspirin vs placebo in terms of mortality, myocardial infarction, major 
bleeding, and all-site invasive cancer. However, there was a statisti-
cally signifi cantly higher rate of strokes (most of which were thought 
to be ischemic) among aspirin-treated participants than among 
those who received placebo. There is no ready explanation for these 
fi ndings. Aspirin use does seem to increase risk of hemorrhagic 
stroke modestly ( 23  –  25 ). However, large randomized trials that 
focused on cardiovascular outcomes have reported that in patients 
without vascular disease (and who are roughly similar to participants 
in the adenoma trials), aspirin had no substantial effect on ischemic 
stroke risk in men ( 23 , 24 ), and may reduce this risk in women ( 23 ). 

 Our meta-analysis has a number of strengths. It included all 
known randomized clinical trials that have tested aspirin as a 
chemopreventive agent against colorectal adenomas. The trials 
were generally well conducted, with high compliance and gener-
ally high follow-up rates. The sample size in the pooled studies was 
substantial, providing good statistical power. Thus, this analysis is 
likely to have high validity. 

 However, this analysis also has substantial limitations. First, 
because only two studies (APACC and AFPPS) investigated lower-
dose aspirin, our fi ndings regarding dose – response patterns are 
not as convincing as our fi ndings regarding overall adenoma 
occurrence and advanced-lesion occurrence. One of these two 
studies (APACC) was relatively small and had a substantial number 
of late dropouts, further hampering interpretation of the aspirin 

dose – response relationship. Second, our analysis of cardiovascular 
and bleeding events is quite limited. The entry criteria for the tri-
als included the absence of a need for aspirin, which is a known 
cardioprotective drug. This criterion assured that the study popu-
lation was at relatively low risk of cardiovascular events, and so the 
numbers of events observed in any one trial were modest. 
Furthermore, none of the trials focused on cardiovascular disease, 
and the clinical detail regarding individual cardiovascular events is 
incomplete. Third, our exclusion of CALGB 9270 from the analy-
sis of adverse events because of concerns regarding the complete-
ness of adverse event reporting further reduced the numbers of 
endpoints analyzed. 

 In summary, this meta-analysis of clinical trial data indicates 
that aspirin reduces the risk of recurrence of colorectal adenomas. 
This effect emerged rather quickly after the initiation of aspirin 
use, seemed more marked for advanced lesions than for adenomas 
overall, and was seen in essentially all subgroups examined. Our 
fi ndings suggest that aspirin interferes with colorectal carcinogen-
esis relatively early in the progression from normal mucosa to 
adenoma or advanced lesion. The substantial size of the relative 
reduction in risk seen in our analysis (28% for advanced adenomas) 
and seen in clinical trials that evaluated the effect of aspirin on 
colorectal cancer risk (26% reduction) ( 2 ) indicates the potentially 
important health benefi ts of aspirin use. Of course, these benefi ts 
need to be considered in the context of all of the health effects of 
aspirin, positive and negative. As noted above, there is extensive 
research regarding the largely positive cardiovascular effects of 
aspirin ( 23  –  25 ). The possibility of cancer prevention can now be 
added to future considerations of risk and benefi t.     
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